Twenty seven newly introduced genotypes of lettuce collected from different indigenous and exotic sources were characterized with respect to economically important traits by using principle component and regression analyses. Significant differences were observed among the genotypes for all the characters under study. CGN-10944 performed best among all the genotypes for most of the traits under study. Principal component analysis indicated that the first five factors had variances of 3.88, 2.78, 1.47, 1.42 and 1.24 with 25.87%, 18.57%, 9.81%, 9.49% and 8.26% of total variation, respectively and aggregating to 72.01% of total variation. The highest positive values of different traits in different components indicated that main emphasis should be given on the gross head weight (X 2 ), polar (X 6 ) & equatorial diameter (X 7 ) and seed vigour index-I (X 12 ) & II (X 13 ) to have higher yields in lettuce. To quantify the importance of each variable in predicting yield, multiple linear regression model was developed. The coefficient of determination (R 2 ) in linear regression model revealed that 94% of total variation in yield per plot (X 15 ) was influenced by days to marketable maturity (X 1 ), gross head weight (X 2 ), heading percentage (X 4 ), seed germination (X 11 ), seed vigour index-II (X 13 ) and severity of bacterial soft rot (X 14 ). Therefore, main emphasis should be given on days to marketable maturity, gross head weight, polar & equatorial diameter, heading percentage, seed germination, seed vigour index-I & II and severity of bacterial soft rot during selection and hybridization programmes for yield improvement in lettuce
Lettuce (Lactuca sativa L.) is an important salad crop and has attained elite place among the winter vegetables due to good economic returns, higher nutritional value and great production potential. It is grown as salad crop in some parts of the stateHimachal Pradesh. The crop is gaining importance because of its multifarious uses, liking by the tourists, local consumers and year round demand in cosmopolitan cities. It is an annual plant in temperate climates; leaf varies from yellow-green to dark red. It is an important component of the diet due to high vitamin A and minerals like Ca & Fe. The nutrient content is high in the darker green, outer leaves. The cos or leafy types have the highest levels followed by butter-and crisphead types. This increase in quality is due to the increased numbers of green leaves exposed to light (Ryder, 1979) .
Variation in lettuce is mostly found in leaf length, shape, color, texture, size and heading type. All types need to be examined for identification of superior genotypes.
Lettuce is consumed in fresh and processed forms. Lettuce cultivars grown in India are low in average yield due to undesirable cultivars/hybrids, biotic and abiotic stresses, genetic drift in cultivars, and development of new races of pathogens. To enhance productivity, genetic restructuring of lettuce germplasm is needed to develop/identify high yielding varieties/hybrids.
Utilization of genetic resources in developing sustainable solution to basic crops constraints have been suggested from time to time but these genetic resources could not be exploited fully due to their inherent problems of large size and lack of sufficient evaluation and classification (Dahberg, 1995) . Germplasm maintenance, evaluation and characterization for economically important traits are pre-requisite for genetic improvement program of any crop. Genetic diversity in vegetable crops is important in selecting the best genotypes to bring improvement in yield. Qualitative and quantitative traits can be chosen in parents for hybridization to exploit heterosis or to select desirable segregants in subsequent generations. Knowledge of association of various characters provides the basis of selection for yield and its components for crop improvement. Since yield is a complex quantitative trait, simple correlation and regression of characters provides limited insight into the association of various traits to yield. Few reports are available on phenotypic variability, correlation and path analysis in lettuce DOI: 10.5958/0975-928X.2016.00097.1 (Thakur et al., 1997; Meglic and Vozlic 2000; Kumar et al., 2010) . Investigators, initially unaware of the relative importance of variables, try to include all possible variables which are likely to influence the outcome and the data matrices become unmanageable and complicated. Principle component analysis (PCA) helps in identifying the most relevant characters that can be used as descriptors by explaining as much of total variation in the original set of variables as possible with as few components as possible and reducing the dimension of the problem. Therefore, an attempt has been made in the present investigation to access and analyze the extent of genetic diversity through Principle component and regression analyses for yield improvement in lettuce. Abdul-Baki and Anderson (1973) . The severity of bacterial soft rot was recorded periodically with the appearance of disease and severity determined by the formula of Mckinney (1923) . Non-wrapper leaves were removed from heads that were weighed for yield and head shape index detemined (Odland and Noll, 1954) . Contents of β-carotene and iron were determined according to methods of Ranganna (1986) .
The data were subjected to analysis of variance as per the procedure described by Gomez and Gomez (1983) . Contribution of different characters towards the divergence was estimated with the help of principle component analysis in accordance with Lawley and Maxwell (1963) and Ramchander et al. (1979) . Multiple linear regression equation was used to predict average gross head weight and yield per plot.
Genetic variability is the basic fundamental need for any crop breeding programme. Analysis of variance (Table 2 ) indicated significant differences among the genotypes for all traits. These differences indicated the presence of variability and opportunity for improvement in yield and quality traits of lettuce.
Significant differences among the genotypes were observed for all the characters under study viz., days to marketable maturity, number of non-wrapper leaves, gross head weight, heading percentage, head shape index, equatorial and polar diameter of the head, β-carotene content, iron content, 1000-seeds weight, seed germination, seed vigour index-I and II, severity of bacterial soft rot and yield per plot (Table  3) . Among horticultural traits, comparatively wide range was observed for gross head weight (196.00 -450.00 g), number of non-wrapper leaves (6.46 -14.33), heading percentage (60.54 -89.15 %), polar diameter (8.10 -11.80 cm), equatorial diameter (5.73 -9.10 cm), β-carotene content (1.64 -7.06 μg/100g), seed vigour index-II (20.17 -42.30) and severity of bacterial soft rot (6.68 -35.23 %). Sufficient genetic variability for many traits had also been reported by Pearson (1931) , Flory and Walker (1940), and Arumgam et al. (1978) for cabbage under their environmental conditions. CGN-10944 gave maximum yield per plot (8.00 kg) over both the check cultivars viz., Great Lakes and Alamo-1. This genotype also performed well for other characters like days to marketable maturity, gross head weight, number of non-wrapper leaves and heading percentage but found moderately susceptible to bacterial soft rot. Besides CGN-10944, four genotypes namely CGN -04508, CGN -04987, CGN -05167 and CGN -11358 performed better for gross head weight and seven genotypes namely CGN -04543, CGN -04987, CGN -05167, CGN -05169, CGN -09373, CGN -14629 and CGN -19009 performed better for heading percentage over both the checks. One genotype CGN-19088 performed better for β -carotene and iron content, CGN-05167 for 1000 -seeds weight, seed germination, seed vigour index I & II and genotypes CGN -04778 for severity of bacterial soft rot performed better over the checks. Besides genotypes CGN -04778 others viz. CGN -04925, and CGN -20721 are found resistant against bacterial soft rot (Erwinia carotovora) as compared to checks viz., Great Lakes and Alamo -1 which were moderately resistant.
The characters contributing more to the divergence gave greater emphasis for deciding on the cluster for the purpose of further selection and the choice of parents for hybridization (Jagadev et al., 1991) . Principal component analysis indicated that the first five components account for the maximum estimated variation (72.01%). Factor analysis was applied to extract the basic factors underlying the observed traits of lettuce. The factors were extracted individually on the basis of eigen values (Table 3) and revealed the pattern and principal component analysis of the data. The first five components having eigen values greater than 1 were retained in the analysis because of the substantial amount of the variations. The factors corresponding to eigen values less than 1 were not considered (Fig 1) . These factors were ignored due to " Guttmans lower bound principle" according to which eigen values less than unity (λ<1) should be ignored (Kaiser 1958) . The orthogonal factors were extracted. The centroid method of analysis (Lawley and Maxwell, 1963) was used.
The first five factors had variances of 3.88, 2.78, 1.47, 1.42 and 1.24 with 25.87, 18.57, 9.81, 9.49 and 8.26 % of total variation, respectively and aggregating to 72.01% of total variation. The first factor extracted had the combination of gross head weight (X 2 ), heading percentage (X 4 ), equatorial diameter (X 7 ), seed vigour index-I (X 12 ), severity of bacterial soft rot (X 14 ) and yield per plot (X 15 ). The first factor had high positive loadings for all the variables and differentiated between different accessions of lettuce germplasm that high gross head weight contained more equatorial diameter and yield per plot. The second factor was a combination of number of non-wrapper leaves (X 3 ), β-carotene content (X 8 ), 1000-seeds weight (X 10 ), seed germination (X 11 ) and seed vigour index-II (X 13 ) having high positive loadings. The third factor accounted for only one variable i.e., polar diameter (X 6 ). The fourth factor was for the combination of head shape index (X 5 ) and iron content (X 9 ). In the meanwhile, fifth factor had positive loadings only for days to marketable maturity (X 1 ). The highest positive values of different characters under study in different components indicated its importance in divergence among 27 genotypes of lettuce, whereas negative values showed the lowest contribution to the divergence (Table 4) . Loading of different variables based on first two principle components indicated that iron content, 1000-seeds weight, seed germination per cent and seed vigour index-I and II were the main components of divergence between 27 genotypes of lettuce, whereas contribution of head shape index was found least in divergence (Fig 2) . Hence, on the basis of this study main emphasis should be given on the gross head weight, polar & equatorial diameter and seed vigour index-I & II to increase the yield of lettuce crop. Similar findings had also been reported for cucumber, peppers and okra by Zhang and Cui (1993) , Portis et al. (2006) and Koutsos et al. (2000) , respectively.
To estimate the yield per plot, multiple linear regression model was extracted with yield per plot (x 15 ) as dependent variable and days to marketable maturity (X 1 ), gross head weight (X 2 ), number of non-wrapper leaves (X 3 ), heading percentage (X 4 ), head shape index (X 5 ), polar diameter (X 6 ), equatorial diameter (X 7 ), β-carotene content (X 8 ), iron content (X 9 ), 1000-seeds weight (X 10 ), seed germination (X 11 ), seed vigour index-I (X 12 ) and II (X 13 ) and severity of bacterial soft rot (X 14 ) as independent variables. After eliminating the independent variables with p>0.10, a simplified multiple linear regression model was obtained. The prediction of yield per plot with values in parentheses indicating standard errors of the regression coefficients had been given in the Table 5 .
Multiple linear regression model indicated that yield per plot could be well predicted with the help of days to marketable maturity (X 1 ), gross head weight (X 2 ), heading percentage (X 4 ), seed germination (X 11 ), seed vigour index-II (X 13 ) and severity of bacterial soft rot (X 14 ). The characters namely gross head weight, heading percentage, seed germination and seed vigour index-II had positive effects on estimation of yield per plot, whereas days to marketable maturity and severity of bacterial soft rot had negative effects on yield per plot in lettuce (Fig.  3) .
The coefficient of determination (R 2 ) in linear regression model was found high (0.942). It meant that 94 per cent of total variation in yield per plot was influenced by these characters. Hence, use of gross head weight, heading percentage, seed germination and seed vigour index-II was the best model for predicting yield per plot. Moreover, there is an opportunity for improvement through hybridization and selection due to genetic diversity in the newly introduced germplasm. Therefore, linear regression model can be used best for genetic improvement of lettuce by the development of new varieties/hybrids. CGN-14688, CGN-17390, CGN-19009, CGN-19088 and CGN-20721 Crop Genetic Resources, the Netherlands
Great Lakes and Alamo-1 (Checks) UHF, Nauni-Solan, India 
